Purpose: To determine the reliability of sonourethrography (SUG) in the evaluation of male anterior urethral strictures.
INTRODUCTION
Retrograde urethrography (RUG) and voiding cystourethrography (VCU) have been used in evaluating the male urethra. But these methods have disadvantages such as radiation exposure to the gonads , variable definition of stricture length or degree depending on the degree of urethral distension , and inability to visualize the periurethral pathology. Recently sonourethrography (SUG) with saline infusion has been used to visualize the anterior urethra (1 -7) .
We analyzed SUG findings in normal volunteers and patients with anterior urethral strictures to determine the reliability of SUG in the evaluation of urethral stri ctu res. patients with symptoms of impaired urine flow (including hesitancy , nocturia , hematuria , split stream , and postvoiding dribbling). The age ranged from 18 to 43 years (mean 34).
MATERIALS and METHODS
RUG was done by i 미 ection of 20 -30 cc of Angiographin @-310 (Meglumine amidotrizoate , Schering AG , Berlin , Germany) through a 7-12F Nelaton catheter located at the distal penile urethra with the Eschmann penile clamp (England) affixed to the glans Radiographs weretaken on both oblique positions , and reviewed by one radiologist (J. G. K.) SUG of the anterior urethra was performed in each patient on supine position using a 12 -F Foley balloon catheter (the balloon filled with saline was located at the fossa navicularis) by another radiologist (J. C. K.) without pr ior knowledge of the patient's history or radiologic studies. After application of the ultrasonic gel to the ventral surface of the penis (pendulous urethra) , scrotum (distal bulbous urethra) and perineum (proximal bulbous urethra) , an 5, 7.5 or 10 MHz linear array or curved convex transducer of Diasonic DRF-400 (Milpitas , California, USA) or Siemens Sonoline SL -2 (Erlangen , Germany) was applied. Transverse and long itudinal scanning of the entire anterior urethra was done with cranial extension of the penis toward the abdomen and slow , constant retrograde infusion of 0.9 % sterile saline (about 20 -30 cc) via an irrigation syringe. The study was recorded with a multiformat camera and videotapes. Urethral stricture was categorized as focal if it was less than 1 cm in length , and diffuse if the length was more than 1cm The degree of urethral stricture was classified as mild (encroachment upon less than one third of the urethral luminal diameterl , moderate (encroachment upon one third to a half of the urethral lumen) , and severe (encroachment upon if more than a half ofthe diameter of the urethral lumen) , according to the classification of McAninch et al. based on sonographic appearance (1) The length of urethral stricture was determined by direct measurement from RUG , and by the electronic caliper measurementfrom SUG.
Urethroscopy and subsequent operation were done in all patients , and these findings were compared with those of both SUG and RUG . In 7 patients who underwent open urethroplasty (one patient with recurrent focal severe stricture after previous urethrotomy and 6 patients with diffuse severe stricture) , the precise length of the stricture and the extent of scarring in the wall of the urethra and spongiofibrosis of surrounding corpus spongiosum were measured during surgery with ω11 depth biopsy and compared with the measurements obtained during RUG and SUG. The degree of spongiofibrosis was also classified as mild (encroachment upon less than a third of the diameter of the surrounding corpus spongiosum) , moderate (encroachment upon a third to a half of the corpus spongiosum) , and severe (encroachment upon if more than a half of the diameter of the corpus spongiosum)
In another 13 patients who received internal optical urethroscopκ urethrotomy , the approximate length and severity of the stricture were estimated during that procedure and compared with those of both RUG and SUG.
We opacified the corpus spongiosum in two patients with anterior urethral strictures by injecting 15 -18 cc nonionic contrast medium 10pamiro @ (lopamid 이， Indu stria Chimica s. p. a. , Milano , Italy) through a 22-gauge butterfly needle placed into the glans penis close to the frenulum . We got spongiosograms to evaluate the degree of fibrosis of the corpora spongiosa in these patients with symptoms of recurrent urethral strictures after internal urethrotomy and to compare these findings with those of SUG and RUG
We also evaluated the results of operations and postoperative f이 low-up status in all patients.
RESULTS
80th RUG and SUG were performed and reviewed in 5 normal volunteers of young males (Fig. 1) . In nonerect state , ultrasonography revealed the two corpora cavernosa (dorsolateral) and the corpus spongiosum (ventral , in the midline) of homogenous mèdium echogenecity (Fig. 1 b) , withoutvisualization of collapsed anterior urethra. After retrograde saline distension of the lumen , SUG identified the normal distal urethra as an anechoic tubular structure of 4-9 mm (mean 6.5 mm) diameter in the center ofthe moderately echogenic corpus spongiosum ( Fig. 1 c and wall of the urethra appeared as smooth , thin hyperechoic line between the fluid -filled lumen and the spongy tissue of the corpus spongiosum. The region of the external urinary spincter was seen as gray mass proximal to the flame -shaped portion of the bulbous urethra in the bulbospongiosum (i. e. the corpus spongiosum surrounding the bulbous urethra) (Fig. 1 c) .
+1-
The findings of RUG , SUG , urethroscopy or operation , operation result and f이 low -up were summarizedinTable1.
The causes of the stricture were as follows: iatrogenic infections after long -term catheterization due to nonurological reasons in 10 patients , urethral injury after trauma in 8 patients , and previous internal urethrotomy in 2 patients Twenty urethral strictures were diagnosed by SUG :
9 strictures were focal (Fig. 2) , and 11 were diffuse (Fi g.
3)' SUG could classify urethral strictures : 5 strictures as mild , 9 as moderate (Fig. 4 ) and 6 as severe (Fig. 2) SUG demonstrated a urethral stricture as a narrow segment of the urethral lumen typically with irregularity and thickening ofthe inelastic nondistensible wall (Fig. 2b) . Dilated lumen proximal to the stricture could be identified (Fig. 2b and 3b ) in 13 patients. Whereas in RUG only the narrowing of the urethra was shown , SUG clearly identified spongiofibrosis (collagen fibrotic tissue replacing the normal spongiosal tissue) as solid thick hyperech 이 c soft tissue with stronger reflection zone that appeared brighter than the surrounding distorted corpus spongiosum (Fig. 2b and 3b moderate to severe scarring on SUG had recurrent stricture during the following 3.6 -8.4 months (mean 6 months). The result of operation was categorized as ' good' when the patient resumed normal urinary stream , or ' fair ' when the urinary stream improved initially then slightly diminished with the maximum urinary flow rate of morethan 10 ml/sec butnotso asto requi re further treatment
In the patient of No. 13, SUG was more precise than RUG in the evaluation of length and degree of the urethral stricture (Fig. 2) . He refused open urethroplasty and received optical urethrotomy at an another hospital. The second RUG and SUG after 11 months in our hospital showed recurrent urethral stricture at the previous incision site. We also performed spongiosography to compare the findings of this spongiosography with SUG findings. That spongiosography demonstrated complete disruption of contrast medium in the bulbous portion of the corpus spongiosum , and this finding was compatible with severe periurethral scarring in the corpus spongiosum on SUG (Fig. 2c) . In another postoperative patient (No. 4) of recurrent stricture symptoms , SUG showed recurrent mild focal urethral stricture at the previous operation site without significant spongiofibrosis which was compatible with normal spongiosogram (Fig. 2d) , so he received re- In the remaining 13 patients who underwent internal urethrotomy , SUG was correct to determine the severity of the stricture in 려 I patients (100%) , but RUG was correct only in 8 patients (62%). 80th SUG and RUG were well tolerated by all volunteers and patients without significant complications.
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DISCUSSION
The anterior urethra has been studied with conventional roentgenographic techniques such as RUG and VCU. Recently SUG with retrograde saline infusion or antegrade (voiding) SUG of the anterior urethral stricture applying 5 -7 MHz linear array transducers on the dorsal surface of the penis and on the ventral surface of the scrotum has been reported (1 • 7) . Theyapplied5-7 MHz linear array transducers on the dorsal surface of the penis without using a 10 MHz probe to get the images of penile urethra through the window of corpora cavernosa , and then they rearranged the transducers on the ventral surface of the scrotum to visualize the bulbous urethra. However , due to the ventra l location of the male distal urethra in the corpus spongiosum , it was considered that the ventral scanning of the penis and scrotum would be easier and get more detailed image of distal urethra with higher MHz superficial ultrasonic probes without switching the scan orientation during the examination of both penis and scrotum. So we used transducers on the ventral surface of the penis and scrotum , and could get good real -time dynamic images of normal male distal urethrae and urethral strictures within shorter times (Iess than 10 minutes)
In 5 normal volunteers , the normal distended urethral diameter showed a range of 4 -9 mm (mean 6.5 mm) , and this value was similar to the measurement (i. e. more than 4 mm) by Benson et al (6 , 8) In our study , SUG of the anterior urethral strictures well corresponded to the u reth roscopic or operative fi ndi ngs i n the 1 ocation , 1 ength , and degree of the stricture and spongiofibrosis. SUG correctly estimated the stricture length with a standard deviation of2 mm in all 7 cases of excisional urethroplasty , but RUG underestimated the stricture length in 5 cases among them , so the correlation between SUG and RUG was not good. SUG correctly evaluated the degree of the stricture in all cases , but RUG underestimated it in 3 cases and overestimated it in two cases. To get good quality of RUG , multiple radiographs with additional radiation exposure were required in 4 cases in which the stricture varied with the position of the patient and the degree of penile stretch . SUG provided sufficient information to classify the degree of spongiofibrosis in 15 cases , but RUG could not define th e periurethral structu res or th e extent of spon giofi brosis i n all cases There were postope rative recurrent urethral strictures in 7 patients (35%) months to 4 years , mean = 3.5 years). Jakse et al (1 이 reported recurrent strictures after excision urethroplasty in 5 of 90 patients (7 %) during the follow -up period of one to eight years , which were due to abscess formation , perineal hematoma , and excessive length of stricture. Novak (11) reported 14 % recurrence in patients of urethral strictures undergoing an open operation. So the recurrence rate of 5 % (1 /20) after open urethroplasty in our study is comparable to those of others It is important to identify the spongiofibrosis in determ i n ing whether the stricture can be treated successfully by internal urethrotomy alone or will require open surgical correction , because simple incision of the scar in the stricture site cannot remove the damaged periurethral tissue in the corpora spongiosa. This scarring cannot be assessed by the premedical history of the patient, uroflowmetry , urethroscopy , antegrade and retrograde urethrography, etc. The extent of scarring was completely independent of the cl inical sym ptoms and urethrographic findings. We can expect high recurrence rate of urethral stricture after simple cold -knife internal urethrotomy in those patients with severe spongiofibrosis and diffuse stricture (especially of more than 3 cm in length) on SUG. Intraoperative guidance of stricture dilatation may be performed with real -time sonography (2) . SUG may be used to calibrate the urethra for the assessment of adequacy of optic ureth rotom ic incision. The most extensive scarring may not always be at the 12 o'clock position , which is the position typically incised during direct vision internal urethrotomy , and inadequate incision into the scar may lead to recurrence (2) . SUG may be ideal for evaluating patients who require repeated studies to follow a stricture over time , because ultrasound does not use ioni z ing radiation. So we recommend (a) internal urethrotomy for the patients of focal urethral strictures with no , minimal or mild spongiofibrosis , and (b) open urethroplasy when the stricture is more than 3 cm long , or the patient has severe spongiofibrosis on SUG and/or a history of repeated fa iled endoscopic procedures. This recommendation will decrease the recurrence rate of postoperative strictures Beckert et al described the spongiosography as a valuable adjunct to the diagnosis of urethral strictures (12 
